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(57) ABSTRACT

An exposure enhancement method and apparatus for a
defogged image. The exposure enhancement method
includes: constructing an exposure enhancement function in
accordance with a defogging parameter; performing expo-
sure enhancement on a defogged image by using the con-
structed exposure enhancement function. The method and
apparatus can adaptively process the defogged image
according to the defogging parameter and can process pixels
in the defogged image in parallel.
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1
EXPOSURE ENHANCEMENT METHOD AND
APPARATUS FOR A DEFOGGED IMAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. national stage application of
PCT/CN2012/001247 filed Sep. 6, 2012 and claims foreign
priority benefit of Chinese Application No. 201110288962.8
filed Sep. 20, 2011 in the Chinese Intellectual Property
Office, the contents of both of which are incorporated herein
by reference.

FIELD OF THE INVENTION

The invention relates to image processing, particularly
relates to an exposure enhancement method and apparatus
for a defogged image.

BACKGROUND OF THE INVENTION

Image defogging is a technique for removing fog in a
foggy image to make image contents more visible. However,
a defogged image obtained by defogging processing usually
is relatively dark, and contents in the defogged image
sometimes are not visible enough for a person to clearly
recognize. Therefore, the exposure of the defogged image
needs to be enhanced.

Currently, there exist the following two exposure
enhancement methods for the defogged image:

The first method is an image transforming method based
on pixel intensity values. The method includes log transfor-
mation, gamma transformation, and piecewise linear trans-
formation. The log transformation and the gamma transfor-
mation need complex operations, and much computation
time is needed. The piecewise linear transformation cannot
provide a continuous transformation function, leading to the
obtained result not ideal.

The second method is an image transforming method
based on histogram transformation. The method firstly com-
putes the histogram of an input image, and then performs
histogram equalization and histogram matching, etc. The
effect of the resultant image obtained by the method is very
bad, and almost all noises are shown. In addition, it is
difficult to implement the image transformation method
based on histogram transformation in parallel.

SUMMARY OF THE INVENTION

In view of one or more problems described above, a novel
exposure enhancement method and apparatus for a defogged
image is provided.

An exposure enhancement method for a defogged image
in accordance with an embodiment of the invention com-
prises: constructing an exposure enhancement function in
accordance with a defogging parameter; and performing
exposure enhancement on a defogged image by using the
constructed exposure enhancement function.

An exposure enhancement apparatus for a defogged
image in accordance with an embodiment of the invention
comprises: a function constructing unit for constructing an
exposure enhancement function in accordance with a defog-
ging parameter; and an exposure enhancement unit for
performing exposure enhancement on a defogged image by
using the constructed exposure enhancement function.
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2

The invention can adaptively process the defogged image
according to the defogging parameter and can process pixels
in the defogged image in parallel.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be better understood from the follow-
ing descriptions of the embodiments of the invention in
combination with the accompany drawings, wherein:

FIG. 1 illustrates an exposure enhancement apparatus for
a defogged image in accordance with an embodiment of the
invention.

FIG. 2 illustrates an exposure enhancement method for a
defogged image in accordance with an embodiment of the
invention.

FIG. 3 illustrates a diagram of the processing of con-
structing an exposure enhancement function.

DETAILED DESCRIPTION OF THE
INVENTION

Features of respective aspects and example embodiments
of the invention will be described in detail below. The
following descriptions involve many specific details so as to
provide thorough understanding of the invention. However,
it is obvious to the person skilled in the art that the invention
can be implemented without some of the specific details.
The following descriptions of the embodiments are merely
for providing clearer understanding of the invention by
means of illustrating examples of the invention. The inven-
tion is not limited to any specific configuration and algo-
rithm provided below, and covers any modification, altera-
tion and improvement of relevant elements, components and
algorithms without going beyond the spirit of the invention.

It is desired to provide an exposure enhancement method
and apparatus for a defogged image, wherein the method and
apparatus can adaptively perform exposure enhancement on
a defogged image to obtain a relatively good processing
result, and can perform exposure enhancement on the
defogged image in parallel.

As an image defogging method for a foggy image, an
image defogging method based on dark channel prior is
widely used. Specifically, in the image defogging method
based on dark channel prior, an intensity value J of a
defogged image is solved in accordance with a foggy image
model [=Jt+A(1-t) by using an intensity value I, an air light
value A, and a transmission map t of a foggy image, i.e.

wherein acquiring the transmission map tis a very important
step.

In the image defogging method based on dark channel
prior, the transmission map t can be calculated in accordance
with t=1-w-f(I/A), wherein f( ) represents an existing algo-
rithm for calculating the transmission map t, and w(we[0,1])
is a defogging parameter for controlling the defogging
degree of the foggy image. The larger the value of the
defogging parameter o is, the defogged image obtained by
defogging will be darker; on the contrary, the less the value
of the defogging parameter w is, the defogged image
obtained by defogging will be brighter. A user can obtain a
desired defogging effect by setting the defogging parameter
 as required.
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In actual, if the defogged image is made brighter by
simply setting the defogging parameter ® to a relatively
small value, a case that the brightness of the defogged image
is relatively high and its contrast is lowered may occur. At
this time, the user cannot clearly recognize image contents,
either.

In order to make the defogged image brighter and clearer,
the invention provides a novel exposure enhancement appa-
ratus and method for a defogged image. FIG. 1 illustrates an
exposure enhancement apparatus for a defogged image in
accordance with an embodiment of the invention. FIG. 2
illustrates an exposure enhancement method for a defogged
image in accordance with an embodiment of the invention.

As shown in FIG. 1, the exposure enhancement apparatus
for a defogged image in accordance with an embodiment of
the invention comprises a function constructing unit 102 and
an exposure enhancement unit 104, wherein the function
constructing unit 102 is used for constructing an exposure
enhancement function according to a defogging parameter w
(i.e. implementing step S202 in FIG. 2), and the exposure
enhancement unit 104 is used for performing exposure
enhancement on a defogged image by using the exposure
enhancement function (i.e. implementing step S204 in FIG.
2).

Below, taking normalized input pixel values and normal-
ized output pixel values as an example, the exposure
enhancement apparatus and method for a defogged image in
accordance with an embodiment of the invention are
described. FIG. 3 illustrates a diagram of the processing of
constructing an exposure enhancement function, wherein the
horizontal axis represents the normalized input pixel values,
the vertical axis represents the normalized output pixel
values, and the input and output pixel values are values in a
range of [0,1].

Below, the processing of constructing the exposure
enhancement function is described in detail.

Firstly, as shown in FIG. 3, a straight line y=(1+kw)x
(k>0) passing through the origin, the slope of which is larger
than 1, is constructed by using the defogging parameter ,
and coordinates of an intersecting point P1 of the straight
line y=(1+kw)x and a straight line y=—jx+1 (j>0) are calcu-
lated. That is to say, the value of “j” must meet a condition
that the intersecting point P1 is located in the upper left of
a straight line POP2 connecting a point P0(0,0) and a point
P2(1,1). Below, descriptions are made taking k=1, j=1 as an
example. In the case of k=1, j=1, the coordinates of the point
P1 are

( 1 1+w)
24w 24w/

Next, a quadratic Bezier function, i.e. a parabola function
is constructed taking a triangle having vertexes P0(0,0), P1

( 1 1+w]
2+w 2+0)

and P2(1,1) as a control triangle, and the constructed qua-
dratic Bezier function is taken as the exposure enhancement
function.

Specifically, the quadratic Bezier function is constructed
by taking P0(0,0) as a start point, P1
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( 1 1+w)
2+w 2+w

as an intermediate point, and P2(1,1) as a terminal point. As
the quadratic Bezier function is a parabola function, the
function can be written as y=ax*+bx, wherein

8w? + 160
3w2 + 16w+ 167

b=1-a.

After the function constructing unit 102 constructs the
exposure enhancement function, the exposure enhancement
unit 104 uses the exposure enhancement function to perform
exposure enhancement on the defogged image. Specifically,
the exposure enhancement unit 104 calculates intensity
values Oy, ,, of R, G, B channels of every pixel in the
exposure enhanced image. Obviously, exposure enhance-
ment is performed with respect to every pixel (i.e. exposure
enhancement is performed with respect to all pixels in the
defogged image in parallel), and the exposure enhancement
function is dependent on the defogging parameter and has
relatively low computation complexity (merely including
addition and multiplication operations).

The above descriptions are made taking the case of k=1,
j=1 as an example. However, the person skilled in the art will
appreciate that as for cases that k and j take other values,
except that the coordinate values of the intermediate point
P1 slightly change and the expression of “a” in y=ax*+bx
slightly changes, other aspects are the same as the above
described.

In addition, the above descriptions are made taking the
normalized input pixel values and the normalized output
pixel values as an example. However, the person skilled in
the art will appreciate that in the case of not using the
normalized input and output pixel values, the quadratic
Bezier function can be similarly constructed by taking a
triangle having vertexes of P0(0,0), an intersecting point P1
of'the straight line y=(1+kw)x and a straight line y=—jx+255,
and P2(255,255) as the control triangle, and exposure
enhancement on the defogged image is performed by using
the quadratic Bezier function.

As compared with existing exposure enhancement meth-
ods for a defogged method, the invention has the following
advantages: 1) it can adaptively processes the defogged
image according to the defogging parameter; 2) it can
processes pixels in the defogged image in parallel with low
computation complexity; 3) it can obtain a relatively good
exposure enhancement result by using a continuous expo-
sure enhancement function.

The invention is described above in reference with spe-
cific embodiments of the invention. However, the person
skilled in the art will appreciate that various modification,
combination and alteration can be made to these specific
embodiments without departing from the spirit and scope
defined by the accompany claims and equivalent thereof.

The steps can be implemented by hardware or software as
required. Note, steps can be added to or deleted from the
flowchart shown in the specification, and steps in the flow-
chart can be modified without departing from the scope of
the invention. In general, the flowchart is merely used to
indicate a possible sequence of basic operations for imple-
menting functions.
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The embodiments of the invention can be implemented by
using a programmed general digital computer, an applica-
tion-specific integrated circuit, a programmable logic ele-
ment, a field-programmable gate array, an optical, chemical,
biological, quantum or nano-engineering system, compo-
nent or infrastructure. In general, functions of the invention
can be implemented by any well-known means in the art.
Distributed or networked systems, components or circuits
can be used. Communication or transmission of data can be
wired, wireless, or by any other means.

It will be appreciated that in accordance with require-
ments of a particular application, one or more of elements
shown in the accompany drawings can be implemented in a
more discrete or integrated mode, or even be removed or
disabled in some cases. Implementing programs or codes
that can be stored in a machine-readable medium to allow a
computer implement the above method is also within the
spirit and scope of the invention.

In addition, any signal arrow in the accompany drawings
shall be deemed as exemplary rather than limited, unless
otherwise specifically indicated. When a term is predicted to
make a capability of separating or combining unclear, the
combination of components or steps will be deemed as
having been described.

What is claimed is:

1. An exposure enhancement method for a defogged
image, comprising:

constructing an exposure enhancement function in accor-

dance with a defogging parameter, the defogging
parameter controlling a defogging degree of a foggy
image and being set by a user; and

performing exposure enhancement on a defogged image

by using the constructed exposure enhancement func-
tion, wherein

the exposure enhancement function is a quadratic Bezier

function, and

the constructing the quadratic Bezier function comprises:

under the condition that normalized input pixel values
and normalized output pixel values are employed,
constructing a straight line y=(1+kw)x, which passes
through the origin and has a slope larger than 1, by
using the defogging parameter, and calculating coor-
dinates of an intersection point “P1” of the straight
line y=(1+km)x and a straight line y=—jx+1, wherein
both “j” and “k” are larger than zero;

constructing a control triangle by taking the origin
P0(0,0), the intersection point “P1” of the straight
line y=(1+kw)x and the straight line y=—jx+1, and a
boundary point P2(1, 1), the coordinates of which are
the maximum values of the normalized input pixel
values and the normalized output pixel values, as
vertexes; and

constructing the quadratic Bezier function in the con-
trol triangle.

2. The exposure enhancement method of claim 1, char-
acterized in constructing the quadratic Bezier function by
taking the origin “P0” as a start point, the intersection point
“P1” as a middle point, and the boundary point “P2” as a
termination point.

3. The exposure enhancement method of claim 1, char-
acterized in that the processing of performing exposure
enhancement on the defogged image by using the exposure
enhancement function comprises: for any one of R, G, B
channels of any one pixel in the defogged image, calculating
the exposure enhanced intensity value of the channel by
using the exposure enhancement function and the intensity
value of the channel.
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4. An exposure enhancement apparatus for a defogged
image, comprising:

at least one memory storing computer executable instruc-

tions;

at least one processor that executes the computer execut-

able instructions to cause the following to be performed

by the exposure enhancement apparatus:

constructing an exposure enhancement function in
accordance with a defogging parameter, the defog-
ging parameter controlling a defogging degree of a
foggy image and being set by a user; and

performing exposure enhancement on a defogged
image by using the constructed exposure enhance-
ment function, wherein

the exposure enhancement function is a quadratic Bezier

function, and

the constructing the quadratic Bezier function comprises:

under the condition that normalized input pixel values
and normalized output pixel values are employed,
constructing a straight line y=(1+kw)x, which passes
through the origin and has a slope larger than 1, by
using the defogging parameter, and calculating coor-
dinates of an intersection point “P1” of the straight
line y=(1+km)x and a straight line y=—jx+1, wherein
both “j” and “k” are larger than zero;

constructing a control triangle by taking the origin
P0(0,0), the intersection point “P1” of the straight
line y=(1+kw)x and the straight line y=—jx+1, and a
boundary point P2(1, 1), the coordinates of which are
the maximum values of the normalized input pixel
values and the normalized output pixel values, as
vertexes; and

constructing the quadratic Bezier function in the con-
trol triangle.

5. The exposure enhancement apparatus of claim 4, char-
acterized in constructing the quadratic Bezier function by
taking the origin “P0” as a start point, the intersection point
“P1” as a middle point, and the boundary point “P2” as a
termination point.

6. The exposure enhancement apparatus of claim 4, char-
acterized in that the processing of performing exposure
enhancement on the defogged image by using the exposure
enhancement function comprises: for any one of R, G, B
channels of any one pixel in the defogged image, calculating
the exposure enhanced intensity value of the channel by
using the exposure enhancement function and the intensity
value of the channel.

7. An exposure enhancement method for a defogged
image, comprising:

obtaining an image by defogging processing;

constructing an exposure enhancement function in accor-

dance with a defogging parameter, the defogging
parameter controlling a defogging degree of a foggy
image and being set by a user; and

performing exposure enhancement on the obtained image

by using the constructed exposure enhancement func-
tion, wherein

the exposure enhancement function is a quadratic Bezier

function, and

the constructing the quadratic Bezier function comprises:

under the condition that normalized input pixel values
and normalized output pixel values are employed,
constructing a straight line y=(1+kw)x, which passes
through the origin and has a slope larger than 1, by
using the defogging parameter, and calculating coor-
dinates of an intersection point “P1” of the straight
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line y=(1+km)x and a straight line y=—jx+1, wherein
both “j” and “k” are larger than zero;

constructing a control triangle by taking the origin
P0(0,0), the intersection point “P1” of the straight
line y=(1+kw)x and the straight line y=—jx+1, and a 5
boundary point P2(1, 1), the coordinates of which are
the maximum values of the normalized input pixel
values and the normalized output pixel values, as
vertexes; and

constructing the quadratic Bezier function in the con- 10
trol triangle.



